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(54) METHOD FOR DEPOSITING THIN FILMS USING PEALD METHOD 
ABSTRACT 

Provided is a method for depositing thin films on wafers using a PEALD (Plasma 
Enhanced Atomic Layer Deposition) method to improve the deposition speed of the thin film. 
In the method, wafers are mounted in a reaction chamber of a PEALD apparatus, a deposition 
process of one cycle to have an injection cycle of 'reactant A -> purge gas -> reactant B -> 
purge gas' is performed several times for forming a thin film to have a desired thickness, and 
the reactant B is introduced with a plasma state to improve the deposition speed of the thin 
film. Also, a deposition process of one cycle to have an injection cycle of 'reactant A -> 
reactant B' is performed several times, and the reactant B is injected with a plasma state while 
a reactive gas path is injected so that the purge and the reaction are simultaneously performed 
as the reactance B, thereby improving the deposition speed of the thin film. 
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PEALD( Plasma Enhanced Atomic Layer Deposit ion)g# OlguhOl ^^\~ 

^Ai?i~ sarems ais^Q. 

PEALD HRH Oil S»-Ea flSWIL A-^IHAI^^^^M B^fflEI^'^ 

^ii s*r s§§ a»*a ^tseKH sse =jjo2j sgsra, &sm m mz.t 

H SSI-2SE3I- gfflS 5 AIM, ^§1 BSAj BIXISI- BMW «« 4 S!«:^Sg ? 

Stfe 21 CHI H»*2| 4f£ v AI2!Q. 



£!XF#, £H»Sj-. i5f D 4, PEALD 
S 1= B a SOil AhSEIS PEALD 3»2| 721 ffl«f*l£3 UErtf 

£ 2= g »32| tfAIOI 12| PEALDge 0IS«t ^ ffSBSI- fflXPhiSJ * 

£ 3^ g 1-S2) £A|01I 2^1 PEALO^M 0|g*»- ^ S^gs SSSPI ffl"SB ?S??IS UEf- 
E 4^ §EH 7IS2| ALDgCHI 2J5J- 5*T&BS £SoK?| 3ffl = . 
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sai2j_»sa ±n si5s§maj^ BEisi piston s*tM3p\jn«m iei^ s*r^s°i 

y 



Deposit ion)KOI 

ei oisan sa. 

era 00. s*ra= ^noe sssct wchs 4= aa= sas 7raa 21a. 

COEM, CVDSag OlgSKJI g^^Sfl SSSh^ 3SW£ SW# 9*1 fl 7rXI^ Gli^ $ 
SSSr= 501 CH£)s ffiffl- 0HJ5K 3BW0 flICHSPI 0JSIS SflPh 2iQ. 

01 M m&. SWS 9*|2| Oli*i" ^Hill 7W = ut°tt gM2£SAd ALD(Atornic Layer 

Deposition ; 0I§K ALOSI- ^Q)gOI JDSKISia. 




|7l£^&7^nSM fflXIAJZtfJI IJCH751 «i+30| L»X|2 El-El M 01 1T«*K)I ^5{2| 38i£7> 

at!- si§ emsoi ^2. m§ ^§01 »g gjgpi- aa. 

m^iffiswssjna hum a™« rra.wpsis 

2ian g*tir ^ aa. 

01 oh SEH 21 ALDgOfl £)oB U^g g3i LEHH2 21= £ 48 §£oKH S«Hft= » 

soil cHShoi ggsra osa- aa. 

s*fe e?si asa) ti ai^s°i- ^sskm &>ehi 7I5khi em# as garAigia. 

OlfflAI. 7152) 530)1 gSfSW SM2 SSo-ffi a= Sii AM 5>§§SbUH0||A| *H7|or7| 9|tt| 

a»32| IHX|7^M T2 A|^59 ^aSKM. SUSHI Slfe SfSl AM 2^ X07l«!O. 

3 OS. Sm^HiLHOil 5>§7^°! Sli Bl T3 AlZfSSi- ?2JSK)I BTEH 7I52J SS4KHI S*fEIO| 
2J= ffii AM Q!S8 BCHI U -, W 42S XISAI&a. 

0ICHA1, ^sgtflLHOI IHAI7r±M T4 AIZJ59 ^EJoTO SHI feWa= »§i Bft fl|71£!a. 

g-7l£t bhSh UOI. §0)21 ALD3S 0|g£J e|2f §*rg-gs ui-gg A-»aA|7^-»H?§e B-»iil«7|-i M 

xFais ?asr= ?gj?7i§ iwoiss *km *fs2i aj^g tjgo-KH, oiai*j- gsrss woiem ^^si 

4t!8r= 20)1 2|j« =J)||2| ««*J-Q. 

€71 S=fEICH fl|7l5r7l CH^H &g*| Sf-g 2? aj^ 7|#g*f0fl °|$B El-El M 2) g)3 



a gfgOl 01^ DAI- Sfe 71 2f?31r= PEALDSS OISSW e,^2| *?^AI?I= Jflg 

*tea sa. 
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27 1 2mm ^-o[?\ 2\a b ^rs2j gxmi \m cog pealed h cig^ g^^o:i ej-ai- 
^§§nf fflx^^e -Bfgg A-siAi7^-^ee B^axi7^'2j ^ais sbots ^s^7te 7h 
xi Qi, ^71 B£j sbaioo §eeoh b«ai?i «te« tmm^ ^sss sick 

Eth ±2^SAI ojii AM ^So'KH aj*Efl] 7|» 2"0jj S>§P AM S=TAI?I= &7112K 

1 SSuK* 2^71 &E3ffl 715 #00 g^W STU yOf 2A£ gKgg AM H7ltt£ »S?te3 

ai e*gg bi sewm Bazaw ^sAia #7i ^le&nw gsr&ioi 21= erne am #71 
b 1^321 ^aioi] awi um PEALose oieti §!&g ^ s*f»aoii cc^g, sjggsi ?s?7ii 

E*j\ ±2±^M Al- *SSKH BJEH 715 aj^ gj-gg AO g*fAI7l= &7II2K &-g7^ 

SA1 ^§1 Bl ^SoKQ MEh*DH S4JAI3I 271 BJEffll 7152011 g*TEjCH 2££ BJSS AS 291 9t 
gg B2] gUCHI [OS ^£g X|&AI?I= ETO» 5t^CK 

£A|0|| 10il 2|£J- ^ §*rg-gs A^iHX|7h£:-*9Jgl B~*It|X|7F^ "1 ?S8I~ 4B71I2J 7F± 

^2^7ie 4=tm= 7wm siscH, 2 h 7i «j-gg b ?sa^ 13011 ems Be me^of 2 

EH W?\M?\ sj-SfSj ^£!AI7I = 7^1 7WIH HQ. 

^aioii 2chi yst ^ s*r»BS *^gi A-e^gt bi 2371121 ?s?7ii ^m^E 
^gm ymn 2*2:01, 2-71 e>gg bi ^s^= aiz.h2oii ej-gatHLHOii m± seedi-p itsai^iil 

BSAi 7^1 AhSSCTU B>S7kiS S4»Kfl Ahgofe 2IM £JoH ^eHF E9AI7I- =A|0il 

m\o\ x\zm t[o\ s*ri ^sai?!^ 7wh aa. 

271 filAIOS 1 / 20ilAi &SSUI0II ^g£l^ A^ ^S^fe ^2^0111, 

B^ ai-gg Al «^A|?IS «^7^0ID. 

Oloh g^S S-iehOt , B «- S oj ^ A | W |^ A^ il5 , ^g§>Q, 

E is a g-gOHAi AFgEI^ PEAL0Sx|2j ^21 JH^£^ UEKd! B3E0IQ. 

E 101! EAIEI01 del- g-OL a ^SQi! AhgEI^ PEALDSXI (200)^ BJ-ggHi(100)2J 2"B^ gS" 
^^011 7^ ^S^(102)7F gxlElOj °iCh 01 7^^2^(102)011= &§I A, B, fflXI7|-^M ^ 

EJofe 71-^ ^SS^I(104) S ?S7^0il H^ilhP 7^hOj lEh^Oh 2EHS W7IAI7I^ H^EI- 
^71(106)71- S^EICH 2iD. 01 Bi-gSbi (lOO)LHOfl^ «]0|IH EIE^ §71(108)011 2JtH AIAIEICH 7h^ 
?B?(102)» CHt^hE^ 9\HaM ShEfll 7I2-(109)M ^§tfe 7IS AlX|CH(110)7h ^x|E|01 2iD. 01 
^MSai(I00)21 21^011^ ^SIS= ^£^(112)7^ ^xlEICH S^DL 01 SE?(112)2J 

oh&CHI 0I3EI01 g = (114a)M =?-Um= IS =51(1 14)01 £x|E|0i °IQK 01 ^e^Bi(IOO)^ LH^CHI^ 
LH^7F^e HH7|A|?t ^S2EHS ShS^I flW SS»IH(116)0I ^7:IEj01 an, ffSHtH(n0)2| ^B¥0il 
HH7l^(118)7h tf»HOI 7hAlH 

OIEI^ 71-XI^ PEALD S"X|(200)2J 71-^ ?a§x|(104)^ ^ ^2A|01I gfit^ A, 

^Sl B^i ItlA|7^2| UlOiehOI ^^m(100)LH(HI 4= 7^ HOI OH (DIEAI)! ^ 

01 PEALD §■*!! 0|g*j- B ^S^J ^ SsTW^lS B("i-§7|-^)2j 4SAICH1 01 aj-gM BOfl 

ME^Oh 2EHS OI7IAI?1 et§SUI(100)0fl i§§25 ul-H SICK 

[aiaioi i] 

E 2^ B ^S^l ^AlWi 12J PEALD^g OlgSJ- ^ e^T^g ^S^F7I S1A|7^2J ^ 

a?7ii uaa hehsoiq. 

oioh, e 22j nai^M ir^i-oi b ^soii ^ti- ^ e^r^oii cHoi-oi ^s^q. 

S!», PEAL0S« (200)2| aJSSH|(1Q0)LH2| ?\B X\X\Q\ (110)011 7151 ^S^W, LH^s SS2" 

EHS y§ ^Oil «J-Ex-|| 71 E»-01l 50~500*c2J ^El 7^fe 2EHCHIA1 ^2oHIAF ^j-^ ^^2| g^Oil 

coe 4:^±e erne a^ai ti Aizi-e^ ^g*!CK 

OWL A2J sMll- tl^l ^1 51-01 ^g-2 7F^1 ^t^FOj ^S*JO. 

271^ dhSh m ^2o^7| ^jg^Ai^ H^L °h*L 7IX-II 2EH7I- AFgl 4= 2J£ 

01, H^I2h ^3|2J S^CHI^ 71-1 o^DI 7|x^l2EHS E.^^011 ^ggtH ( 100)011 ^StHIK 

OlOiAi, ygSSbH (100)011 ASJ SEtW, 71-^^AI l^, ^1 3 0^S §21 ItJXI 

7^1 T2 Al^goi" 4So^01 a-ESI 71 B( 109)011 g^TEIAI SH ^ofz ^§1 A# 171^Q. 

□ Qii &-EX-II 71 S( 109)2-011 g^EICH 11= ^BM AM xl^-AI^ 4 «S# 7FAIH ^-g-71- 
±21 bhs M T3 AI^SSJ- gAJOU, Jl^ffl- STaSfl (106)1 ^§SKfl ^§StH(100)LH0il 4 

SEI^ u^l Bl lE^OF 2-EHS 0)7|AI2!a. 

oiim, eEeo^ 2mwom 0101, ie^oi-i §^ai?i£ d B sj ^^ni- §aioii 

BEFZEDPI- ^Sl-Cfl 6Qi 0ILH21 ^§^^E^ 5^ ^2, 2) 2^1 B2J 4S« 50i OILHOil lESDW 
ttSSKM 60^ 0ILH21 4:iehE^ Sfe ^2, 3) B2J 423 60^ OILH01I lEFZS0h7|- ^uKS 

60£ 0ILH2] ^ie^E^ 5f= ai^^o^ ^ o»Q. 

C0EFAI, ^AlOfl lOilAIS tfSS Bl lESah 2EHS 017IAI^ MZ^ 6Qi 0IB2J Al^§ 7fAI 



11-3 



q2002-CCS5245 



Til ESDI, iti" SJ-ge BO ^SoPIS HK17F±M ^g»F£ T2 AI2JS2HIF mSB BO ?a§F= T3 AI2J 
§e.KHl l^lME^DrM irtSAia :£E SICK 

012!- ITOI, #EH5 2W 2JSj] BJ-ES] 7I5(109)6HH1 g^ElO) ^g-M 

ADA StgP BZ7h ?*§Sr01 «M-M AM gfgM B2J S^ofl [Q.a^ hvojo^ *1^AI2!Q. 

OICHAi, S^gl BBJ *FEWFH, SmSUi(1QO)0fl ggg 7F±SAL HM §! 0F3£ go, 7[ 

±m ssmoi, asa 7i5#oii gsraFxi an traFSfe ^gg bm m?\*to. 

urn irai, b nasi gAioo ion 2j*n aata *w s«r»Bs -^gg A-axi^^gM b 

-aXI7r±"M 4:§2J A|& 2J2j££ *FQ|£ ?a*FS 20fl BJoH B#2| "4°-,! »*H»S Igf UWIM 
21 §*TS8£S SKE2 2£D1, 01 £1*1- UIF01B2J SSI BWFCH ^t»*r^ 3tM ^f^H SXFg EW 

□fbh. 'bjsb a-»sjsb A-*mx\7t±->mxm±^>&gm B(w&*ni)-+mxm±'2\ ?a^:?iB 3ssf 
a oi a 7i e^ as to a g^em §ssf= s°ol 2^21 ±2.±m ai»b si-ggbHOii ?a 

oib-K e zm sssfoi gAioi i2) s*r^sg oissfch a-s^f, s»9f, &»st, s 'ei afoiesjb ««sf 

3*L &§SSa(200)LH(Hl BJEfll 7I5(109)B tfS*FjI Al, Si, Ti, 6a, Ge, Co, Sr, V, Zr, Nb, Ru, Ba, 
La, Hf, Ta, Ir, Pb, Bi E~ 0IM2J ±2±M b)-§M a^A1 T) A^ge!" *B*KM, 

M 7I5(109)£W AM §=!"AIZ!Q. 

oicHAi, *_mm asj sssm, T2 Aiasei- m^-«2j h*i7f±b etsaiJi(2oo)oo ?asFot 
ohxi an feroh si^ ehga am xhti^qk 

n om, mx\7[±s\ ^aM sewh, bsai mo e= 01B21 &t*m befzedf £ k 

EH£ 0I7IAI3I T3 ^a^FOl »£tl 51 5(109)^011 K«rSIOI BJSB AM ^,^ A , 
3D. 

a^ioiiAi m m^m g£g hwch 4=se °id. 

SE*N BSA1 ^atl^ ^ N,00il H„ He, M r , Ne, Ar, Kr Xe ^FLF OI^B ^ 
oFOI 4=E 2iQ. 

oichai, B2j ss^m m^«2j EtiAi^^M T4 &gtm yoh°> 

~ ^ii BM MTia-CF. 

oiaF ira, 4&7ii2j ^a^^iM woiB2i s*r shoi, oi 5§t ^^ii ?m g 

^JH|2J /itFB ^I^M S^StQ. 

2. ItF^ 1, S^^g 

S!S. tfSSBI(200)LH0l BfE»| 3I5(109)» tfS«FH B, Al, Si, Ti, 6a, 6e, Sr, Zr, Nb, Mo, Ru, 
Hf, Ta, W 0IB2J SVB ±2.±m ^§1 A^Ai TIAIZ^ei" ?So^, ^1^(109)^ 

Oil fifSS AM SfarAIHQ. 

OICHAI, SBtHl, T2 AIZ^°j- m~t£^ fiiXPF^B ^gStH(200)(H! ^a^^OI 

oW s^n yoF si^ ^sm am »7i«a. 

□ QFg, it|X|?F^2J SB3FH, 6f9B B^Ai s ^ S"SU0f# MEh^ ^EHS W7IA|^ T3 

A|^°»- ^a^FOI ^IS-^Ofl S^TQOI ^EM AM 5CI&AI2IQ, 

OIOH, *imm BSA1 AFSEI ^ l 1 ^ ^' SaLIOI-S l^g^lLHOilAI ^AIOII ^a IT 4^ Si^Cfl, E*>- 2|^ h 
2j ^S^IOilAI B2J g^M ^^!^ HWCH 4=E 2iCF. 

StN SJ-SB B^A1 ^aEI^ m± ^SLIOFCH! K:, He, K,, Ne, Ar, Kr Xe oFLF OI^M Ci^ 

S4WFOI ^SS- S!Q. 

oioiAj, b°j ss^m M^s2i ihai^^m t4 Aiz^eei- ^ao r oi bjssfw srn troFSi 
^ bm *u?i*h:f. 

tl= ^JJ02i ^£r^B ^^^CK 

3. §sra v g 

^g§5Bi(200)LHOil 715(109)* ^S^rH Al, Si, Ti, Zr, Mo. Ru, Hf, Ta, ±2± E^ 

0IM2J ±9i±m ^ii A5A1 TIAIZ^Q]- ?amOL ej-Eai 7l5(109)^0il AM gsj-AIZ! 

■ oichai, asj ?ai ee^Fn, T2 m#^2j iaAi^h^M Bhsau (2oo)ou ^a^hoi ej-g 

orAI an aOF BhSB AM M7\**0. 

n Qg, 5iA|7r^2j ^aM SE^rll, 5^11 B^AI Dfl&, M&, =S5 ^2J &^±M MEr^DF £EH 
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£ D\J\M9\M T3 Am-^V ?SSH3 ^£x-0 g^EIOl ^§§ AO ^Mf°4£5 SSAIgJCh 

01 IB, Sm§ BSA1 AFgE!^ (MB, MB. S = SE" g2J BtF^^l I^B^ILHWAI §A|D{1 ^> 
S£0I, EES ^a^lOUi aj-ei B2J §s|^5j £^ Hh^CH 5S*T ^E 2iQ. 

EES, B£A1 ^Stl^ MB, MB 5U =3S g2] BtK^Oil Ht, He, Ife. Ne, Ar, Kr Xe ?teS 

ft Hi 01^3 Qj^ StfAl?) SBif 21Q. 

oioiAi, si-gM B2i S9*m Mifgsi axi^i T4 aizjs& ?3skm bsswi sra yora 
= eras Be aaao. 

0121- g-OL 4EP02I ^B^7IM W0IM2] g*f SKH, 01 §11 s*4*8 2J*H 3 

ate ^jhsi B»e aw© sgsa 

4. £|EI AH3IE ^ 

S! 73, »g««<2Q0)lflM BSffl 7I5K109)M 6IS*m Al , , Ti, Co, Ga, Be, As, Zr, Mo, Ru, Hf . Ta, 
W, Pt ±£± E£= 0IM2J ±2^M SJ-gg ASAI TIAIZJ-g^ ^SshOj, :7I5K109)£MI «»• 

§1- AM B*TA|fiCh 

oioiAi, ^§1 asj ~ae seam, T2 Ai^gsi- §1*321 bai^m &!-ga tycoon ^aohoi «jg 
suz yoi- K-i am xiiTisa. 

3 P-g, E|XI7k±21 SBSKQ, £j-ge B^A1 SiH*. SiHr, Cb, SiCU, SbHxCL (x=0-6) Jl^M 

BE^DF #EH£ T3 AI3S2»- ^S^OI »£H S«TEIO| 2J= ^§1 AM 4I3AK3IE %^£.£ 

01 UH, BSAI AhgEI^ SIH4, SIH2, CI 2, Si CI 4, Si2^Cl6-x(x=0-6)^ 1?fij ^ILHOilAi §A|01I * 

ai ^ asn, ees- zwsi ^a^^ioiiAi s*gg 02i mmm ^3 ee= uwof ^air 

21D. 

EES', BfSV BSM ^BEI^ SiH4, SiH2, Cl2, SiCl4, Si2HxCl6-x(x=0-6)(HI H=, He, Ifc, Ne, Ar, Kr Xe 
7te5 t[U 01 S«»K)I 4=E 2!Q. 

OICHAi, bj-gg B2J §9^12 HdSI ItiAI^M T4 AI2-S2!" ^aoKfl BS*W SW «0h2l 

= SJ-gM BM XIITi^Cr. 

0121- IPX 4371I2J ^a^^lM W0IM2J §*r ggog si-Oj, 01 gSM M^tl 9M3Sr= 2J^H S! 
or^ ^J)il2J ^EIAWIE ^5|M S^*CK 

[tf Aim 2] 

£ 3^ g ^S2J £AI01I 22J PEALD^M OIMS ^ S^&S8 ^S^^l ^S^7IM UEhtf HEH 
= 0|Q. 

B ^ h S2J ^AIMI 2WIAi^ ^Sl A^if B' 2J ~2±^7\m W0IM2J §^§25 uffi °iQ. CGEI- 
A1, ^ A] CM! 2^ ^Alffll 1CH] Ai SjAI^M ^Sofe T2 AI^§2MHI ^§f Bl ^a^Q. 

^AIWI 224 OrE S^S^^AI «rSM BM S73 MEEOh 4 V EHM ^aokH, OICHAi «j-gM AM 
^a§^ -oh^M B(MEf^0h)-u^M A'2J ^a^7IOi! CI>Ef ^M ^^^fe ^M 4=E SICK 

OluK ^AiOll 20il 2Jti" ^ g^Si E 3M s^hOI Qr§S|- ^Ch 

as, &sam(ioo)LHWi ^is-(io9)i ^s^m, e^sa ^ie.^ ^eem bo~5oo*c2j sxi 
gz\?m\M s^mxrms ^2j ^^^^ai am ti Aia-eei-, oii^ch o.oi lhai 6q 

i §^ ^aoKH 71^(109)24 S^^CHI «^M AM ^AlgjQ. 

OICHAi, A2J ^Si SE^H, 7|£h( 109)^CHI gsTEIOi 2J= BSfl AM Xl&All ^> 

ai-S^SAl g±M ti-^Sh- ^ £^ ^1- 7F^M T2 AI2H=2> ^ao^Ol ^SEt-il 

71^(109)^011 m^TEICH e^gM AM ^fr^ tffr^£5 Xl^AI^Q. 

oiim, ^ei BOii 2000W 01^^ mei-^oi-m ?mo\ ^a^FDi, 1124 ^aAizi- T2M o.oi~6o^lh2j ^?i7f- 

£|£^ g§SQ. 

EES, ^gM BM MEl-^0^ fe^HS CW7IAI?! ^aah~ MB^Oh ^aAlZJ- Tp^ £ 3CHI £AI£ICH M 
9* iTOL ^gM B2J ^aAia- T2 MO- f a L ^ MZK QII3CH T2 > Tp^ 4 Si^OI, T2=Tp^ flSW 

ygl BM ^Sol~ AJZJ- 127} ME^OhM AJ# Tp SQ a S^0il~, &?\ ^8AI^^ 

T2§ SB.^2J AlZ^ga TpCHl SJ-gl BM l^Qh ^EHS 017|A|^ ?aSQ. 

OrlEI, ^gM BM ^So^ T2 Al^g^Oil itiAI7^SA| §^2j gAIOiL ^gM BM 

MEI-ZLQI- ^EHS 0I7|A|?|£ 301! 2^§H BSjIF fflAI^ gAIOjl gOjy 4 ^ K 4= SiHDt, EES BXI 

7h±^ AFgtl^ ^4:M ME^Oh^EHS ESSF01 1±(M ^|5|M 4E 

^§1 BM ^a^h^ T2AiaseM« S^M fflAI7^ S S^g^^S^aeWLK E£^ ^^21- &2 

. u of ?i±m ?asm, mef^oh ^ai?i isn ^m s^u^ 301 7^o}-ck ees mm 
^smii mm &mw bsai n,o ee^ oii2j ?^m MEcoh ^ehs oi7iai?i sj-gisBi 

Oil ?ascK 

CCfEhAl, ^AlOll 20i] 2JS *>°i g^&gs ^A|«] 1 0il dliHutOt EHAl^M ?a§h^ EWIt § 
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2|g 7W2}i HO). 237112J ?ej$7IO)] 2JgB "M5J-0I gsfgg Al^a 4= SJTfl 

0IS1. fe'AICffl 2HJ g^Ofl 2J$B i+SrM SfSj- S gffi-5 g-gO(l CHSfO) ^x-flSj^S 

1 • aw 

973, &gs5Hi(200)LH(Hl 715(109)© tfSttH. Al, Si, Ti. 6a, Ge, Co, Sr, V, Zr, Nb, Ru, 

Ba, La, Hf, Ta, Ir, Pb, Bi ±Si± Sir 0IS2J StJM ASA) TIA|^15(0.01~60iS) 

^SSHX ui-Sx-D 7I5(I09)#0)| Al g^AIEJO. 

01 01 A), fifgg A2J ?gf T2 AI£l-§°K0.01~60i) 85 A) N4D E^ 0|g°J 5 

tJM 71^ § w&*Qi £€H£ OI7IAI32U1 ?SS r = 31CHI °iM Bf£a 715(109)^0)1 S^EICH 2i= &>§ 
s AM ^i^£g XISAIgJCr. 

oitm, uki- iroi, smg eg T2 ai^s^sj ssmhi mn iecdh ^jaijitiu es 
T2 aiz* aa f» l s tp Ai^ge.^ gei^on ^jaii ^e sjq. 

E*t, S?§5 BSA) 5± S N.-01 1^S^7|LH0)|AI #AI0)l ?SS r 71U, 2,^5) =*eji*7|0)|A) 

S>§M B2J igi E= dWO) £E 210-. 

m- j wtff ass? ft^Mti isns san 

SjSIT 4=E 

&^ Ur2r 5£H ^8 §*tSr= SBS Sli BM 5±. fyj c£^ 0 |goj Ah 
gsfe 2011 21SB BJ-§a- 5)7371- MAI 0)1 2J01L1EW Sr= ^gi 71-7311 2iCr. 

Eth Bit A) ?£JEI^ £r±, N.-O E^ OI12J 7 r ±0| He, N2, Ne, Ar, Kr, Xeg 5HJ- 01 

«2j 7hig q§* strsia 4=s ao. 

TIAI5S°t(0.01~60:£)?EJ&10]. 5>E»I 7I5(109)£MI &Si AM S5TA13L>. 

oio)A), erne asi ?si sesm, T2 Ai^g°j-(o.oi~60i) bsai m± n^sa- s-suoi- 

71 St.^ 7r±M ?gJS101 BfEJffl 715^0)1 §^£10) AM §tH «^©3 fl&AJgJCK 

OIUH, SJ-gg BSA) SSEIS ii E^ §±2f ^SL.10171 Sfe^S 7r±0)l He. N„ Ne, Ar, Kr Xe 71- 
is S1U 01 SWKM ?S¥ 4=E 2AQ. 

StJ-. BE A) ii S SSUOrB 1^B?7ILH0IAI SAI0)l ?fl*CTU. 2f^2| ^gj?7l 

MAI ^SM B2J g^M a^ brW) ^£ 2iQ. 

fe^tr Uril ^2l§ BjSfi §*mr= »B!S Sl-gg BSAI §.'i7r^M Mdr^Dl SKHS ^gJSr^ 2 

wa , @m^uGiia s%KJtr vt §saf! i3 s,s Si7 ' Djss am 



0|7JAia &§|UlUI0lj^a5r^ 201 2151), ^Eifl 715 «rSf2| g*^£M ^2A|3 

B STS2J 4'AIOfl 20)1 COM ^ g^S0)| [Q-MS, S^gg A-^§1 BI ^ejsh^ 2EJ"71I°J 7ri ? 

Ifi 



°1 filAIOfl I, 20)1 ll>M3 If*rOI 0)£1S &>g7r^l A>§6rA| ME HfStg ^ 2i0). & 

y 13 a AI5s &iAll ^ 2i°HS tr^All 4 SD. OrsEI, 5>§M A, iilA171- 

5>EM B brgoi a= SECHIAI AL01 7rsSF7)l Slffl CVO fi2H 731 7\V $ SID. 

E*h STMSmLHOil Eg£l= MEF2Df°| 3SIEO0 mai ^^{21 3^E71 SgEIHS 3§E2| tf^2f CH 
<2mm §0I*}- SSM 7rA-|H Si^O, IWJIMSI ^a?7IDO lEr^DH ^A|?IS 20)l £)oH e,^ 
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1. PEALO^l 01 ^ S«rSBM 21CHA1, 

g?\ ei-gs b°j ssakhi eazsohg saAia ^i §«o^ m^s.^ pealo^ h oigtt 
iaxi7^i ^sskh gpi asm 713- m\ i^ra skq aoh e*gg as Hi7mh= bw, 

SJ-g^SAI Si'SS Bl- ^SoUI MEJ-50H i^AI3*j £?\ BJ£« 7IS&MH S^TSOI 2J= »gM AM 
#71 821 g^M [&g «&A|3|fe EP02K 

fflAI7h±l B«*WI Sr^U yOh ai-ge Bl HTIttS E!9tll 5t»fe 211 

PEALDg S 0 1 g*J" ^ § *r»B . 

3. hi i t>KHi sioiai, 

s^i ^s^7i= 'mx\j[^^mm ^mxuy^^m b\ '»s« B->fflxph±->&§s a-mbai?^" 

3! , HX|7h±->aj'gg B-*SIXI7^-a>gl A'g Oihi uH_F°J 211 ^s^^ &fs peald^ o oig*j- 

s*r»a. 

«to 4. si 1, 2, 3 tfg ch^ *!■ *mh °io\m. 

SJ\ &g# A2| ?gJAI2!-£ 6(L£ 0ILH2I 211 ^3££ ^ PEALD^l 0|gt> «W g=T»3. 

Sn"» 5. HI I, 2, 3 *m CHizz tl" fJOfl 

#71 SJgS BBJ *HAIZfS 60^ Q|LH°i 211 ^3£S 5fe PEALD21 Olgti" g=T£J3. 

6. HI 1, 2, 3*>g Ojiz tl" 4HW SICHA1, 
£ h ?l S§1 B^J =*oj])|. gAIOil tf«E|0| 60£ OILHOil ±^£|^ 211 ^S£S PEALCE 

i oi g*»- *w gararei. 

S^fT 7. XII 1, 2, 3*>g CH^ tl" ?MI ^CHAI, 

#71 ^gg B2j BQ^LHDil I^oKH 6Q£ OILH CHI Ai ^£1^ 211 i§£§ sfe 

PEALD21 018*!" S*r»B. 

8. HI 1, 2, 3 t^S CHiz SJ- tJ-Oil SiOiAi, 
^1 ME^Dfe SI-gM B2J 60^LH0il ^mO\ 60^ OILH Oil ±^\~ 211 efe PEALD 

mm oigti- ^ 

S^Sf 9. Hi 1, 2, 3 Ol^z ^ S-011 SiOiAi. 

S9I BJ8» A^ Al, Si, Tl, 6a, 6e, Co, Sr, V, Zr, Nb, Ru, Ba, La, Hf, Ta, I r, Pb, Big 01^ 5fU 
2] ^~ 0I12J sti ^^^OIH, 

^71 ^gM B^ ^ N,0°i 211 m^Z-Z ^ PEALD«1 01 g^ 5*r»B8 . 



10. HI 9 S-Oil SiOiAl, 

4^1 B2j q. NrOl I^S ^ILHMAi gAIQil ^EJ^h^ 211 ^9^^ t>l= PEALD^l Olgtt 



11. HI 9 4JWI HOIAI, 
^1 &gl B2] Ah^ ^' N.01 ^g^^KHIAI o, £ g uWOl ?S5fe 211 
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«W 12. n 9 «W0 2JOUi, 

291 B= H, He, hb. Ne, Ar, Kr, XeS oKi 01 ^ 2n ^S£Sm= 

pealds n oi g*rs v s. 

13. HI 1, 2, 3 CH^n WO KCHAI, 
#71 BtgM A^ B, Al, Si, Ti. 6a, 0e, Sr. Zn No, Mo, Ru, Hf, Ta, flg CHh SH-fSJ ££± S Ohl 

^ sai 4240m, 

#71 B~ 14:2! 211 S>= PEALEge 01 ^ S^Tgfg. 

§^ 14. Xfl 13*HH1 SlOiAl, 

#71 B°l H4: S SSUOfe I^S^ILHWIAi SAIOfl ?ge^ 2^ i^£g ^ PEALD 

01 Sti ^ gsf^a. 

SWtT 15. M 13«Jflfl SsCHAJ , 

#71 SL*§M B2J H4: gJSUOfe 2*2*21 i*S^7IOi]Ai !£~ <£2.£ UWOi ^o,- 6 -^ q 

3££ Sfc PEALD g# Dig** §^g. 

16. Bl 13 4KW 2J0U1, 

#71 B^ H:, He, H,, Ne, Ar, Kr, Xe 5 sm 01 #21 ?l±M Cm xttf^ 21 i9£g 5fe 

PEALD Si 01 Stl- S*T»S. 

17. n I, 2, 3 Oih: tl" SlOiAi, 

#71 SL^M A^r Al, Si, Ti, Zr, Mo, Ru, Hf. Ta, CHhi oH_|-°J 4:24: 0I12J ^# 424r 
012, 

#71 b~ m& a =§5 ^4r2J as ms^s m~ feald^ m omti ^ g&r&a. 
K?tr i8. a 1? tm sjchai, 

#71 sj-gg BSAj oii&, ±ge i^s^7i lhooai saido ^ssfe 21 ^325 
pealdsi 01 ^ g*r^s. 

19. ffl 17 4MW aCHAf, 

#71 BSAd Dfl&, MB. =55!" 7^4:1 2fZ| i**j~7ltHlAi g°J£ H^Oj ~<&tl~ 

2# PEALDS 9 0\§*t ^§^S. 

g^tJ 20. M 17 4MW °»CHAi, 

^71 B^SM B^ Hr, He, Kr, Ne, Ar, Kr, Xe S oFU 7F4:M 5t^r^ 21 ^3^^ 

PEALO SI 01 g^ g^S. 

s^?*f 2i. n 1, 2, 3 ch^ ti vn aoiAi, 

^| ut-gg A^ Al, Ti, Co, 6a, 6e, As, Zr, Ho, Ru, Hf , Ta, W, PtS Oi!z ofL« 4^4: 0|g°l 
5^1 4^^0|H, 

*imm B^ SiH*, SiH:, CI,, SiCl 4 , SiHxCU (x=6) 7h4§ CH^ SH-F2! 2# ^S^^ 5f~ PEALDS 

a oi s*j ^ s^s. 

- 22. Ill 21 «N SiOIAI, 

^71 ygl BSAj SiH*, SiH,, CI,, SiCl 4 , SiHxCl^ (x=6) 7F4g I^S^ILHOilAI gAICH] ^^ufe 21 
5fe PEALDS^ Q\£ti ^ §^r&S. 
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23. *] 21 tfOfl SiCHAi. 

«?l ^§1 BSA1 SiH*, SiH„ CI,, SiCl„ SiHxCl* (x-6) ?g~7|O0AI S^Sj gJ2| 

S HWOi ^gofe 21 B PE/LOgl 01 Si* a^gar^a. 

24. xd 21 %m aoiAi, 

£71 ^ii B= H,, He, Ne, Ar, Kr, Xe g SHJ- 01 0^ Sitfe 211 ^S^S ufe 

PEALD gjg 018^ ^ S*f»B. 

25. PEALD 0I*« HW §*T»BOJ SUM, 
ai-ggo, ^o^ie bhgg A-B!>8S B'S «3*U2, 

4^1 Be beech #ehs saaroi m°tw sssfe m= peald g# oig^ 

BTO 26. 3^ 42^£A1 AM ^B3KM Q£fl ?\B gOA S»-gg AM B*TAI3I£ 

bjs^sai srsg bi ^sam sabots it«ai?i spi ?i&4mh s^raa sj= ersB am 
aj§i bsj g^cni c&s »&ai?i& emb ^gss m= peald^m oig 

S?tt 27. 39 25 VM 2JCHA1, 

^oj^^H -utgfl B-*ff§i A"£ 5fe 211 ^3 £5. PEALD^l 01 St> «W S*r»B!. 

28. Xi\ 25, 26, 27 *Jg CH^ t* *HHI 2J01AI, 

A2J ^SAIZM 0.01-60^ OILH^ ofe 211 m= PEAL0*!1 0l§i* HfSfSafS 

« . 

S^tJ- 29. X11 25, 26, 27 *Jg D\bz $i %W\ SJOjAI, 

£91 »8B B°J 5SAIZTB 0.01 ~60£ 01 LH^ 211 ^ PEALO^l 01 Si* B^gaTS 

tM 

STO 30. *II 25, 26, 27 **g 01^ & «0| °JOU1, 

£91 BEeDfe «J*SB BM ^EJSfe AlZ^o^ BMWfe 211 iH2i t>\= PEALOgl Olgi* ^g 

«W 31. SI 25, 26, 27 Dii= tl" tW! SICHAf, 

£7i bee[»s «jsb bb Aii^&ei Ai^setej- i hA Joe 211 ^s^^ pealo^ 
e 01 sb- 

32. XII 25, 26, 27 i'-g Q\hz t} %m SiOiAi, 

^1 &Sa A^ Al, Si, Ti, Ga, 6e, Co, Sr, Y, Zr, Nb, Ru, Ba, La, Hf, Ta, Ir, Pb, Big Q\!=l tt\J 

fe^l ^Hl B^ N,0 °] 211 ofe PEALO^l 01 ^ g^T^. 

tl?tt 33. 39 XWM SiOiAi, 

4 V 7I PJ-^P BSAI ^ 9 NrOM I^S^^ILHEHI gAIDil ^SEI^ 211 i§2^ Sf= PEALDS1 0|§i* 

mtm ^ g^r&a. 

34. XD 32 tMl SiCHAi, 
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35. 2a 32«O0 2UHAL 

£91 ^g-e B& He, It, Ne, Ar, Kr, Xe oFU Ol^g i9£S ofe PEALDg 

3^ 36. 3 25, 26, 27 Oi^ *> *HH] 2JCHA1, 

£91 A~ B, Al. Si, Ti, V, 6a, Zr, Mo, Nb, Ru, HI, Ta, », lr§ Diiz eHi°J 4:24: 01 

#2] S«M 4:24:0112, 

^§3 §4:2! 2i m&Z.g. REALTY ^- OlgtJ- S*r»B. 
3^ 37. HI 36 «W SJCHA1, 

a*gg b^ai H4: si sauohM i^s?7ilhihi saioa 5B*h= 2# ^§£g peald^m oi 

38. 10 36 %m SJOiAi, 

^g^s pealc^ n oi§§> §*r^g. 

g^ej 39. M 36 QW SIWAI, 

&?\ B~ He, Ne, Ar, Kr, Xe ShU 0|£1 idt^fe H2J2£ PEALDSM 
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